INTRODUCTION
There has been recently a revival of interest in super symmetric gauge theories, stimulated by the hope that supersymmetry might help in clarifying some of the questions which remain unanswered in the so called Grand Unified Theories and in particular the gauge hierarchy problem. In a Grand Unified Theoryl one has two widely different mass scales: the unification mass M~1015GeV at which the unification group (e.g. SU(5) breaks down to SU(3) x SU(2) x U(l) and the mass~~100 GeV at which SU(2) x U(l) is broken down to the U(l) of electromagnetism. There is at present no theoretical understanding of the "extreme smallness of the ratio~/M of these two numbers. This is the gauge hierarchy problem. 2 There is a more technical aspect to the hieracrchy problem.
In a Grand Unified Theory the two mass scales come from the vacuum expectation values of two Higgs fields, which in turn are related to the parameters entering the Higgs potential. For the gauge hierarchy to emerg~some Higgs fields must have a small mass close to~while others must have a large mass close to M. This requires a "fine tuning" of the parameters of the Higgs potential which, however, is in general unstable under radiative corrections. As recently emphasized by Witten, 3 there are special properties of super symmetric theories which could help in this connection, namely the absence of renormalization of some of the parameters entering the Lagrangian, for instance masses 4-7 and scalar couplings.
More simply, one could hope that, in a supersymmetric theory, the smallness of a scalar mass is guaranteed by the smallness of the mass of its spinor superpartne~which in turn is guaranteed by an approximate chiral invariance. Of course, a solution of the numerical hierarchy puzzle itself will require more than these special naturalness "properties of supersymmetric theories (called sometimes in jest "supernaturalness") and can be found perhaps in non-perturbative breaking of 3 supersymmetry.
I shall not review here the numerous recent papers attempting to construct realistic models of supersymmetric gauge theories. As in previous work mostly by Fayet, these papers use N = 1 super symmetry and do not attempt unification with gravitv.
Super symmetry must of course be broken, the scale of super symmetry breaking being at least 15 to 20 GeV for consistency with experiment. In this lecture I shall attempt to review the various mechanisms for spontaneous supersymmetry breaking 9 in gauge theories. Most of the discussion will be concerned with the tree approximation but what is presently known about radiative correction will also be reviewed. (2.
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plus the complex conjugates. On the other hand, the equations for Ai become
Clearly, a solution Ai = Ai of (2.5), together with F i = 0, satisfies both (2.8) and (2.9). The sum of (2.2) and (2.6) vanishes for those values of A. and F .. Therefore,~1 8 19 a possible vacuum at the tree approximation is a possible vacuum to all orders. '
Ohserve that, since the energy cannot become negative (this is a consequence of the super symmetry algebra) all the solutions of (2.5) give true mln~a to all orders.
Let us now consider spontaneous breaking of supersymmetry.20 At the tree approximation this means that (2.5) have no solutions. and the F. cannot all vanish. In this 1 case one can show that the potential (2.4) cannot be "field-confining". We define a potential to be field-confining when it tends to infinity if Ai tends to infinity so that the fields Ai cannot become arbitrarily large. More precisely the potential is constant. Assume that the potential reaches its minimum for a finite value of the scalar fields. Given any minumum of the potential, there is one of these curves (2.14) passing through it, which implies the presence of a complex massless scalar (actually these valleys of minima extend to infinity). Observe that, from (2.4), (2.17) At a minimum this must vanish (together with its complex conjugate). The necessity of massless scalars in addition to the Goldstone spinor may seem strange, but it is a property of the tree approximation only. When super symmetry is spontaneously broken, the radiative corrections, which still have the form (2.6), change the situation in an essential way, because. the F i do not vanish. Already at .
22 23 the one-loop level the degeneracy of the valley of mlnima is lifted ' and in general one has only one absolute minimum and no massless scalars. The potential increases with the scalar fields so that the minimum is for relatively small values of the fields. The value of the potential at the minimum also changes in the one loop approximation. All this has been verified in several special examples. 22
SUPERSYMMETRIC GAUGE THEORIES
We consider now the case when there are gauge fields present. If the gauge group is simpl~the tree approximation scalar Lagrangian (2.2) must be complemented by In the scalar potential the negatives of (3.3) and (3.4) enter.
So, when gauge fields are present, the scalar potential consists of (2.4) plus a sum of terms like the negatives of (3.3) and (3.4) v af aA.
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+ r % g2(AT a A)2 + r % (glAYA +~)2~O. it can be transformed to zero by using a transformation of the complex extension of the group. In conclusion, for a semisimple gauge group, if the chiral part of the scarlar potential (the f dependent part) reaches the value zero for some value of the scalar fields, even if the gauge term does not vanish at that point, one can find another value of the scalar fields where both terms vanish. This is then a true 27 minimum and supersymmetry is exact.
This result is also valid if there is one Vel) factor even with non vanishing~, provided the chiral part of the potential vanishes for non zero scalar field. In thic ase supersymmetry cannot be spontaneously broken if it is not already broken by the chiral superpotential. However, if there is more than one Vel) factor, one cannot prove an analogous result in general, although, if there are enough chiral supermultiplets in the theory the statement tends to be correct anyway in concrete examples. 
